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(57) ABSTRACT

When generating a projection image by setting a plurality of
search points in an mtended display area of a three-dimen-
sional image along a plurality of visual lines, each connecting,
cach pixel on a projection plane on which the three-dimen-
sional 1mage 1s projected and an arbitrary viewpoint, calcu-
lating a pixel value of each search point by an interpolation
operation based on pixel values of adjacent pixels of each
search point, and determining a pixel value of each pixel on
the projection plane with respect to each visual line based on
the calculated pixel value of each search point, 11 an adjacent
pixel of a search point 1s a pixel 1n an unintended display area,
the pixel value of the search point 1s calculated such that the
pixel value of the pixel in the unintended display area does not
contribute to the calculation, thereby preventing an artifact
arising from the unintended display area.
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IMAGE PROCESSING APPARATUS,
METHOD, AND PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to three-dimensional 1image
processing and, more particularly, to processing for generat-
ing a projection image from a three-dimensional image which
includes an unintended display area.

2. Description of the Related Art

In the medical field, observation and diagnosis of projec-
tion 1images which are three-dimensional medical images,
obtainable by CT systems, MRI systems, ultrasonic diagnos-
tic systems, or the like, projected on desired projection planes
are performed. In order to obtain such a projection 1image,
image processing, i which a plurality of search points 1s
determined in a three-dimensional medical 1image along a
visual line passing from an arbitrary viewpoint to each pro-
jected pixel and, based on pixel values of the plurality of
determined search points, pixel values of projected pixels are
obtained with respect to each visual line, 1s performed. Such
type of known image processing includes, for example, MIP
(Maximum Intensity Projection) processing in which a maxi-
mum pixel value of search points 1s extracted with respect to
cach visual line and projected, MinIP (Minimum Intensity
Projection) processing in which a minimum pixel value of
search points 1s extracted with respect to each visual line and
projected, and the like.

It1s also known that, prior to generating a projection image,
an unintended display area 1s determined in a three-dimen-
sional medical image and 1image processing 1s performed on
an intended display area. For example, a method that gener-
ates, Irom a three-dimensional cardiac image that includes a
blood pool of aorta, which 1s not a display target, and coro-
nary artery, which 1s a display target, an enhanced image that
includes the coronary artery but not the blood pool through
predetermined 1image processing and performs MIP process-
ing on the enhanced image, thereby generating and displaying
an 1mage 1 which the coronary artery 1s enhanced without
being mfluenced by the blood pool of unintended display
target 1s proposed as described, for example, in Japanese
Unexamined Patent Publication No. 11(1999)-242739.

When generating a projection 1mage, the position of each
search point on a visual line may possibly have a non-integer
coordinate value 1n a coordinate system of three-dimensional
image, depending on the positional relationship between the
viewpoint and projection plane, so that there may be a case in
which the pixel value of each pixel of a three-dimensional
image can not be used directly. In such a case, 1t 1s necessary
to calculate the pixel value of each search point by an inter-
polation operation based on the pixel values of pixels adjacent
to each search point.

Now, when a three-dimensional image 1s divided nto an
intended display area and an unintended display area, a search
point near the boundary of the two areas naturally lies 1n the
intended display area but a pixel adjacent to the search point
may possibly lie in the unintended display area. FIG. 4 shows
such an example case, 1n which one pixel Q (x,, v,, Z,) of
eight pixels adjacent to a search point P, (X, y, z) on a visual
line E; 1s a pixel in an unintended display area.

In such a case, 1f the pixel value of the search poimnt P, 1s
calculated by an interpolation operation of adjacent pixel
values, the result 1s influenced by the pixel value of adjacent
pixel Q which 1s supposed to be an unintended display target.
For example, when a pixel having a pixel value exceeding a
pixel value threshold of 100 1s assumed to be an umintended
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display target (non-display), the pixel value of adjacent pixel
Q 15 200, the pixel value of each of the other adjacent pixels
(in the intended display area) 1s 100, and the search point P,
lies 1n the center of each of the adjacent pixels, the pixel value
of the search point P, obtained by the interpolation operation
1s, 100x(15)x7+200x(%s)=112.5, which 1s greater than the
threshold value representing the maximum value of display
target pixel value, 1.e., the value which should be determined
as an unintended display pixel value. Here, 11 a projection
image 1s generated by MIP processing, the pixel value of the
search point 1s used on the visual line having this search point,
whereby 1t appears as an artifact in the projection 1image.

The present invention has been developed 1n view of the
circumstances described above, and it 1s an object of the
present mnvention to provide an apparatus and method capable
of preventing an artifact arising from an unintended display
area when generating a projection image produced by pro-
jected pixels of a three-dimensional 1image that includes an
unintended display area. It 1s a further object of the invention
to provide a computer readable recording medium on which 1s
recorded a program for causing a computer to perform the
method.

SUMMARY OF THE INVENTION

An 1mage processing apparatus of the present invention 1s
an apparatus including a projection 1mage generation means
for setting a plurality of search points 1n a three-dimensional
image along a plurality of visual lines, each connecting each
pixel on a projection plane on which the three-dimensional
image 1s projected and an arbitrary viewpoint, calculating a
pixel value of each search point by an interpolation operation
based on pixel values of adjacent pixels of each search point,
determining a pixel value of each pixel on the projection plane
with respect to each visual line based on the pixel values of the
search points, and generating a projection image formed of
cach pixel on the projection plane, wherein:

the three-dimensional 1mage 1s an 1image divided into an
intended setting area 1n which the search points are intended
to be set and an unintended setting area 1n which the search
points are not intended to be set; and

1 an adjacent pixel of a search point 1s a pixel in the
umintended setting area, the projection 1mage generation
means 1s a means for calculating the pixel value of the search
point such that the pixel value of the adjacent pixel in the
unintended setting area does not contribute to the calculation.

An 1mage processing method of the present invention 1s a
method including the steps of setting a plurality of search
points 1n a three-dimensional image along a plurality of visual
lines, each connecting each pixel on a projection plane on
which the three-dimensional 1mage 1s projected and an arbi-
trary viewpoint, calculating a pixel value of each search point
by an interpolation operation based on pixel values of adja-
cent pixels of each search point, determining a pixel value of
cach pixel on the projection plane with respect to each visual
line based on the pixel values of the search points, and gen-
erating a projection image formed of each pixel on the pro-
jection plane, wherein:

the three-dimensional 1mage 1s an 1image divided into an
intended setting area 1n which the search points are intended
to be set and an unintended setting area 1n which the search
points are not imntended to be set; and

when calculating a pixel value of each search point, 11 an
adjacent pixel of a search point 1s a pixel 1n the unintended
setting area, the pixel value of the search point 1s calculated
such that the pixel value of the adjacent pixel in the unin-
tended setting area does not contribute to the calculation.
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Further, an 1image processing program of the present inven-
tion 1s a program for causing a computer to perform the
method described above.

The 1mage processing apparatus, method, and program
will now be described 1n detail.

Although the “three-dimensional image” 1s an 1mage
divided into an intended setting area in which the search
points are intended to be set and an unintended setting area in
which the search points are not intended to be set, 1t 1s not
necessary that the both areas are set but only either one of
them needs to be set explicitly.

The “intended setting area™ 1s a possible area to be dis-
played when displaying a projection image generated from
the three-dimensional 1mage 1n the present invention.

Specific methods for dividing into “intended setting area™
and “unintended setting area” may include, for example, a
method that divides into the two areas based on a magmitude
relation with respect to a predetermined threshold, a method
that sets an area extracted by known image recognition pro-
cessing to erther one of the areas, and the like.

The “arbitrary viewpoint” may be single or plural. That 1s,
the projection 1image may be an 1image generated by central
projection method 1 which pixels of a three-dimensional
image are projected along a plurality of visual lines from a
single viewpoint or an image generated by parallel projection
method 1n which pixels of a three-dimensional image are
projected along parallel visual lines from a plurality of view-
points.

The range of “adjacent pixels” may be set appropnately
according to the interpolation method. For example, in the
case of linear interpolation, 2x2x2=8 pixels surrounding the
search point are regarded as the adjacent pixels, and in the
case of tricubic interpolation, 4x4x4=64 pixels surrounding
the search point are regarded as the adjacent pixels.

Specific processing examples for “determining a pixel
value of each pixel on the projection plane with respect to
cach visual line based on the pixel values of the search points™
may include NIP (Maximum Intensity Projection) processing,
in which a maximum value of pixel values of all search points
on each visual line 1s determined as the pixel value of each
pixel, Minlp (Minimum Intensity Projection) processing in
which a minimum value of pixel values of all search points on
cach visual line 1s determined as the pixel value of each pixel,
a method 1n which an average value of pixel values of all
search points on each visual line 1s obtained, volume render-
ing using ray casting, and the like. The advantageous effects
of the present invention will become more significant when
processing that determines the pixel value of a specific search
point on a visual line as the pixel value of a pixel on the
projection plane, such as the MIP processing and MinlP
processing among those described above.

As for the specific method for realizing “if an adjacent
pixel of a search point 1s a pixel in the unintended setting area,
the pixel value of the search point 1s calculated such that the
pixel value of the adjacent pixel 1n the umintended setting area
does not contribute to the calculation”, a method 1n which the
pixel value of the pixel in the unintended setting area 1s
replaced with another value and the post replacement value 1s
used 1n the interpolation operation as the pixel value of the
pixel 1n the unintended area, or a method 1n which the pres-
ence of the adjacent pixel itself in the unintended setting area,
as well as the pixel value thereot, 1s excluded from the inter-
polation operation, and the interpolation operation 1s per-
tformed using only the other adjacent pixels in the intended
target area 1s conceivable.

In the former case, another value for the replacement can be
a value calculated from a pixel value of a pixel in the intended
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setting area using a method predetermined according to a
determination method of the pixel values of the pixels on the
projection plane or a fixed value determined according to a
determination method of the pixel values of the pixels on the
projection plane.

Here, specific examples of the “value calculated by the
predetermined method” for the replacement may include
maximum value, mmimum value, average value, median
value, and mode value of pixel values of pixels 1n the intended
setting area, class value of the highest frequency class 1n a
pixel value histogram of each pixel 1n the intended setting
area, maximum value, mimmum value, average value, and
median value of pixel values of adjacent pixels in the intended
setting area adjacent to the search point with respect to the
adjacent pixel in the unintended setting area, and the like. As
for the specific example of the “predetermined fixed value”
for the replacement, maximum or minimum value in the
specification of quantization of the three-dimensional 1mage
or the like may be used.

Further, as for the specific combination of the determina-
tion method of the pixel values of the pixels on the projection
plane and the method of calculating a value for the replace-
ment from a pixel value of a pixel 1n the intended setting area
predetermined according the determination method, a com-
bination of a determination method 1n which the pixel value
of a pixel on the projection plane 1s determined as a maxi-
mum/minimum value of pixel values of all search points on a
visual line corresponding to the pixel (MIP/MinlP process-
ing) and a predetermined method 1n which a value not greater
than a maximum value or a value not less than a minimum
value of pixel values of pixels 1in the intended setting area 1s
determined as the post replacement value, or a combination of
a determination method 1n which the pixel value of a pixel on
the projection plane 1s determined as a maximum/minimum
value of pixel values of all search points on a visual line
corresponding to the pixel (MIP/MinlP processing) and a
predetermined method 1n which a value not greater than a
maximum value or a value not less than a minimum value of
pixel values of adjacent pixels in the intended setting area 1s
used as the post replacement value may be cited. Further, in
these cases, the advantageous eflects of the mvention will
become more significant 1f the three-dimensional 1mage 1s
divided such that the pixel value of a pixel 1n the unintended
setting area 1s greater/smaller than the pixel value of a pixel 1n
the intended setting area.

According to the present invention, when generating a
projection 1image formed of each pixel on a projection plane
by setting a plurality of search points 1n a three-dimensional
image along a plurality of visual lines, each connecting each
pixel on the projection plane on which the three-dimensional
image 1s projected and an arbitrary viewpoint, calculating a
pixel value of each search point by an interpolation operation
based on pixel values of adjacent pixels of each search point,
and determining a pixel value of each pixel on the projection
plane with respect to each visual line based on the calculated
pixel value of each search point, 1 an adjacent pixel of a
search point 1s a pixel 1n an unintended search point setting,
area, the pixel value of the search point 1s calculated such that
the pixel value of the pixel in the unintended search point
setting area does not contribute to the calculation. Thus, a
pixel value of a pixel 1n an unintended setting area does not
influence 1 determining a pixel value of each pixel on a
projection plane, whereby an artifact arising from an unin-
tended setting area may be prevented.

Further, when determining the pixel value of each pixel on
the projection plane, 11 a processing that determines a pixel
value of a specific search point on a visual line as the pixel
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value of the pixel on the projection plane corresponding to the
visual line and if an adjacent pixel 1n an unintended setting,
area 1s included 1n adjacent pixels of the specific search point,
the pixel value of the pixel corresponding to the visual line
passing through the specific search point is influenced largely
by the adjacent pixel in the unintended setting area, so that the

artifact prevention effect of the present invention will become
more significant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram of a three-
dimensional medical image processing system according to
an embodiment of the present invention.

FIG. 2 15 a block diagram, 1llustrating a projection image
generation function of the image processing workstation
shown 1n FIG. 1 and a process flow thereof.

FIG. 3 1s a drawing for explaining search point setting by
the projection 1image generation unit.

FI1G. 4 1s a drawing for explaining the calculation of pixel
value of a search point by the pixel value calculation unit.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

Hereinaliter, an embodiment of the present mvention will
be described with reference to the accompanying drawings.

FIG. 1 1s a hardware configuration diagram of a three-
dimensional medical 1mage processing system according to
an embodiment of the present invention, illustrating an over-
view thereol. As shown in FIG. 1, the system includes modal-
ity 1, image storage server 2, and 1mage processing worksta-
tion 3 communicatably linked to each other via network 9.

Modality 1 1s a system for obtaining a three-dimension
medical image V representing a test body and more specifi-
cally, it 1s a CT system, an MRI system, an ultrasonic diag-
nostic system, or the like.

Image storage server 2 1s a computer for storing 1n a data-
base and managing the three-dimensional medical image V
obtained by modality 1 and a medical image generated
through 1mage processing performed in 1mage processing,
workstation 3, and includes large capacity external memory
unit and database management software (e.g., object rela-
tional database (ORDB) management software).

Image processing workstation 3 1s a computer for perform-
ing, i response to a request from a radiologist, 1image pro-
cessing on a three-dimensional medical image V obtained
from modality 1 or 1mage storage server 2 and displaying a
generated 1image. It includes, 1n particular, an 1nput device,
such as a keyboard, a mouse, or the like, for receiving a
request from a radiologist, a main storage unit with a capacity
suificient of storing an obtained three-dimensional medical
image V, and a display for displaying a generated image.

The storage format of image data and conmmunication
between each component of the system via network 9 are
based on a protocol, such as DICOM (Digital Imaging and
Communication in Medicine) or the like.

FIG. 2 1s a block diagram, illustrating a portion of image
processing workstation 3 related to the projection 1mage gen-
eration function. As shown 1n the drawing, image processing
workstation 3 includes image obtaining unit 10 for obtaiming,
a three-dimensional medical image V of a target patient for
radiology reading from modality 1 or image storage server 2
in response to a request from a radiologist, display setting unit
20 for setting an intended display area and a non-display area,
projection 1mage generation umt 60 for setting a plurality of
search points in the intended display area of the three-dimen-
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sional medical image V along a plurality of visual lines, each
connecting an arbitrary point and each pixel on a projection
plane, determining, based on pixel values of all search points
on each visual line, the pixel value of pixel projected on the
projection plane by each visual line, and generating a projec-
tion 1mage, and 1mage display unit 70 for displaying the
generated volume rendering 1mage on a display. Projection
image generation unit 60 includes search point setting unit 30,
pixel value calculation unit 40, and projection value determai-
nation unit 50.

Next, processing performed 1n each unit described above
and a process tlow of the medical image processing system, 1n
particular, of image processing workstation 3 for generating a
projection 1mage will be described.

First, image obtaining unit 10 obtains a three-dimensional
medical imageV of atarget patient for radiology reading from
modality 1 or image storage server in response to a request
from a radiologist. The three-dimensional medical image 'V 1s
generated by dividing a multi-slice image into pixels (voxels)
and arranging the pixels 1n a three-dimensional coordinate
space, 1 which the position of each pixel 1s defined by a
three-dimensional coordinate system with left-right direc-
tions of a subject as x-axis, front-back directions as y-axis,
and up-down directions as z-axis, and the pixel value of each
pixel 1s related to the coordinates of the position of the pixel.

Next, display setting unit 20 sets an intended display area
(intended search point setting area) and a non-display target
areca (unintended search point setting area) in the three-di-
mensional image V obtained by image obtaining unit 10. For
example, display setting unit 20 generates, based on 1nput
from a radiologist specifying such that a partial area of a
three-dimensional medical image V 1s displayed or not dis-
played, a mask having display/non-display information with
respect to each pixel of the three-dimensional medical image
V.

Further, the pixel value of a pixel in a non-display area may
be set greater/smaller than the pixel value of a pixel i an
intended display area by threshold processing, a living tissue
area extracted from a three-dimensional medical image V by
recognizing the boundary between different living tissues
based on a vanation 1n the pixel value or opacity (edge infor-
mation) may be set so as to be displayed distinguishably from
other areas or not displayed, and a mask having display/non-
display imnformation with respect to each pixel of the three-
dimensional medical image V may be generated by the set-
ting.

Still further, an mtended display area and a non-display
arca may be set 1n a three-dimensional medical image V by a
method different from those described above by way of
example, such as a method 1n which a plurality of sample
images, each including a desired target area to be extracted, 1s
machine learned 1n advance, then the target area 1s extracted
from a three-dimensional medical image V based on the
learned result, and the extracted area 1s displayed distinguish-
ably from other areas or not displayed.

Then, projection 1image generation unit 60 obtains pixel
values of pixels for forming a projection image (output pixel
values) through search point setting unit 30, pixel value cal-
culation unit 40, and projection value determination unit 50
with the three-dimensional medical image V having the
intended display area and non-display area set by display

setting unit 20 as mnput.

First, search point setting unit 30 sets, based on a viewpoint
E and a projection plane F (size, position, and number of
pixels) set from an i1nitial setting file or by mput from a
radiologist through a mouse or a keyboard, for example, a
plurality of search points P,(1=1, 2, - - - , n; n represents the
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number of search points on a visual line E;) by sampling the
intended display area of the three-dimensional medical image
V at a predetermined interval along a plurality of visual lines
E; connecting the viewpoint E and each pixel on the projec-
tion plane F, as shown in FIG. 3.

Next, pixel value calculation unit 40 determines whether or
not each of eight pixels adjacent to each search point P,
(adjacent pixels) 1s a pixel set as non-display (pixel 1n the
non-display area) with reference to the mask having display/
non-display information for each pixel provided by display
setting unit 20, 11 determined to be a pixel set as non-display,
replaces the pixel value of the adjacent pixel through replace-
ment processing, to be described later, and then calculates a
pixel value g (P,) at each search point P, by an interpolation
operation based on pixel values of adjacent pixels of each
search point.

The replacement process described above 1s a process for
calculating the pixel value of a search point P, such that the
pixel value of an adjacent pixel 1n a non-display area does not
contribute to the pixel value of a search point P. Where a
projection value 1s determined by MIP/MinlP processing in
projection value determination unit 50, to be described later,
the pixel value of an adjacent pixel 1n the non-display area
may be replaced with a maximum/minimum value of pixel
values of all pixels 1n the intended display area or with a
maximum/minimum value of pixel values of other adjacent
pixels of the search point 1n the intended display area.

For example, when a pixel with a pixel value exceeding a
threshold value of 100 1s set as an unintended display target in
display setting unit 20, adjacent pixels ofa search point P, are
cight pixels constituted by pixels belonging to an intended
display area shown in black and pixel Q belonging to an
unintended display area, as shown in FIG. 4, the pixel values
of the pixels belong to the intended display area are 80, 83, 85,
90, 90, 95, and 935 respectively; and the pixel value of the pixel
belonging to the unintended display area 1s 200, the pixel
value of pixel Q belonging to the unintended display area may
be replaced with a maximum value of 95 of pixel values of
other adjacent pixels belonging to the mntended display area.
Here, the pixel value of pixel Q may be replaced with the
average value of pixel values of other adjacent pixels belong-
ing to the intended display area or with a fixed value like, for
example, zero when MIP processing 1s performed or a maxi-
mum possible pixel value when MinlP processing 1s per-
formed.

The pixel value g (P,) at each search point P, 1s obtained by
performing a linear interpolation on eight adjacent pixels
torming a grid that includes the search point P,,, as shown in
FIG. 4. Here, when the coordinate points of the search point
P;; 1s assumed to be (X, y, z), the pixel value g (X, y, z) may be
obtained by Formula (1) below.

(1)

More specifically, by substituting the coordinate (x,,y,,Z, )
(k, 1, and m=1, 2, - - - ) of each of eight pixels shown in FIG.
4 and the pixel value g (X, v,, z_ ) at each coordinate position
to Formula (1) above, an equation with eight unknowns with
respect to a, 1s obtained, and after a, (t=0 to 7) 1s determined,
the coordinate value (x, y, z) of the search point P, 1s substi-
tuted to obtain the pixel value g (X, v, z).

Note that for the pixel value of the adjacent pixel in the
non-display area, a pixel value after the replacement
described above 1s used in the interpolation operation.

Here, the description has been made of a case in which a
pixel value g (P;) at each search poimnt P; 1s obtained by
performing a linear iterpolation on eight adjacent pixels
torming a grid that includes the search point P,. Alternatively,

G(X,v,2)=a+a X+ 5V+A2+Q XV+A s VZ+HA ZX+A5XVZ
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the pixel value may be obtained by performing a tricubic
interpolation on 64 pixels (four pixels i x-axis, y-axis, and
z-axi1s directions respectively) forming a grid that includes the
search point P;.

Next, based on the pixel value g (P,) at each search point
P, projection value determination unmit 30 determines an
output pixel value C; of each pixel on the projection plane.

For example, a maximum/minimum value of pixel values
of all search points on each visual line E; may be determined
as the output pixel value of the pixel projected by the visual
line E, (MIP/MinlP processing) or an average value of pixel
values of all search points on each visual line E; may be
determined as the output pixel value of the pixel projected by
the visual line E. Alternatively, a product of luminance value
and opacity at each search point P, 1s added up along each
visual line E; and the added-up result 1s determined as the
output pixel value C, of the projected pixel on the projection
plane through which the visual line E, passes through (volume
rendering method).

This processing 1s performed on each visual line to deter-
mine the output pixel values of all pixels projected on the
projection plane, thereby generating a projection image
(maximum value projection 1mage/mimmum value projec-
tion 1mage). The generated projection image 1s displayed on
the display of workstation 3 by image display unit 70.

As described above, 1n three-dimensional medical image
processing system according to an embodiment of the present
invention, when generating a projection image formed of
cach pixel on a projection plane by setting a plurality of
search points in an mtended display area of a three-dimen-
sional image along a plurality of visual lines, each connecting
cach pixel on the projection plane on which the three-dimen-
sional image 1s projected and an arbitrary viewpoint by search
point setting unit 30, calculating a pixel value of each search
point by pixel value calculation unit 40 by an interpolation
operation based on pixel values of adjacent pixels of each
search point, and determining a pixel value of each pixel on
the projection plane with respect to each visual line by pro-
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pixel value of each search point, 1 an adjacent pixel of a
search point 1s a pixel in an unintended display area (unin-
tended search point setting area), pixel value calculation unit
40 calculates the pixel value of the search point such that the
pixel value of the pixel 1in the unintended search point setting
area does not contribute to the calculation. Thus, a pixel value
of a pixel 1n an unintended search point setting area does not
influence 1 determining a pixel value of each pixel on a
projection plane, whereby an artifact arising from an unin-
tended search point setting area may be prevented.

It will be appreciated that various changes and modifica-
tions made 1n the system configuration, process flow, module
configuration, and the like without departing from the spirit of
the present invention are included in the technical scope of the
present invention. The embodiment described above 1s pro-
vided by way of example and any part of the description
should not be construed as limiting the technical scope of the
invention.

For example, 1n the embodiment described above, both
image processing and image display are carried out 1n image
processing workstation 3, but the 1image processing may be
performed by a separate image processing server additionally
provided and connected to network 9. This allows distributed
processing which, for example, may eliminate the need to
provide a plurality of high performance image processing
workstations where an 1mage 1s displayed on a plurality of
terminals, whereby the overall system cost 1s reduced.
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The mvention claimed 1s:

1. An 1image processing apparatus comprising a projection
image generation means for setting a plurality of search
points 1n a three-dimensional image along a plurality of visual
lines, each connecting each pixel on a projection plane on
which the three-dimensional 1mage 1s projected and an arbi-
trary viewpoint, calculating a pixel value of each search point
by an interpolation operation based on pixel values of adja-
cent pixels of each search point, determining a pixel value of
cach pixel on the projection plane with respect to each visual
line based on the pixel values of the search points, and gen-
erating a projection image formed of each pixel on the pro-
jection plane, wherein:

the three-dimensional 1mage 1s an 1mage divided 1nto an

intended setting area 1 which the search points are

intended to be set and the image 1s displayed and an
umintended setting area 1n which the search points are
not intended to be set and the 1mage 1s not displayed;

the search points are 1n the intended setting area; and

the projection 1mage generation means calculates the pixel
value of the search point such that the pixel value of an
adjacent pixel of the search point does not contribute to
the calculation only on condition that the adjacent pixel
1s a pixel in the unintended setting area.

2. The image processing apparatus of claim 1, wherein the
projection 1image generation means 1s a means that replaces
the pixel value of the adjacent pixel in the unintended setting,
area with a value calculated from a pixel value of a pixel in the
intended setting area using a method predetermined accord-
ing to a determination method of the pixel values of the pixels
on the projection plane and uses the postreplacement value 1n
the 1interpolation operation as the pixel value of the adjacent
pixel 1n the unintended setting area.

3. The image processing apparatus of claim 1, wherein the
projection 1mage generation means 1s a means that replaces
the pixel value of the adjacent pixel in the unintended setting,
area with a fixed value determined according to a determina-
tion method of the pixel values of the pixels on the projection
plane and uses the post replacement value 1n the interpolation
operation as the pixel value of the adjacent pixel in the unin-
tended setting area.

4. The image processing apparatus of claim 1, wherein the
projection 1mage generation means 1s a means that replaces
the pixel value of the adjacent pixel in the unintended setting,
arca with a value not greater than a maximum value of pixel
values of pixels 1in the intended setting area and determines a
maximum value of pixel values of all search points on each
visual line as the pixel value of each pixel on the projection
plane corresponding to each visual line.

5. The image processing apparatus of claim 4, wherein the
projection 1mage generation means 1s a means that replaces
the pixel value of the adjacent pixel in the unintended setting
area with a value not greater than a maximum value of pixel
values of adjacent pixels in the intended setting area adjacent
to the search point with respect to the adjacent pixel in the
unintended setting area.

6. The image processing apparatus of claim 5, wherein the
three-dimensional image 1s an 1image divided such that a pixel
value of a pixel 1n the unintended setting area 1s greater than
a pixel value of a pixel 1n the intended setting area.

7. The image processing apparatus of claim 4, wherein the
three-dimensional image 1s an 1image divided such that a pixel
value of a pixel 1n the unintended setting area 1s greater than
a pixel value of a pixel in the intended setting area.

8. The image processing apparatus of claim 1, wherein the
projection 1mage generation means 1s a means that replaces
the pixel value of the adjacent pixel in the unintended setting
area with a value not less than a minimum value of pixel
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values ol pixels 1n the intended setting area and determines a
minimum value of pixel values of all search points on each
visual line as the pixel value of each pixel on the projection
plane corresponding to each visual line.

9. The image processing apparatus of claim 8, wherein the
projection 1mage generation means 1s a means that replaces
the pixel value of the adjacent pixel in the umintended setting
arca with a value not less than a minimum value of pixel
values of adjacent pixels 1n the intended setting area adjacent
to the search point with respect to the adjacent pixel in the
unintended setting area.
10. The image processing apparatus of claim 9, wherein the
three-dimensional image 1s an 1mage divided such that a pixel
value of a pixel in the unintended setting area 1s smaller than
a pixel value of a pixel in the intended setting area.
11. The1image processing apparatus of claim 8, wherein the
three-dimensional image 1s an 1mage divided such that a pixel
value of a pixel in the unintended setting area 1s smaller than
a pixel value of a pixel 1n the intended setting area.
12. An 1image processing method, comprising the steps of
setting a plurality of search points 1n a three-dimensional
image along a plurality of visual lines, each connecting each
pixel on a projection plane on which the three-dimensional
image 1s projected and an arbitrary viewpoint, calculating a
pixel value of each search point by an interpolation operation
based on pixel values of adjacent pixels of each search point,
determining a pixel value of each pixel on the projection plane
with respectto each visual line based on the pixel values of the
search points, and generating a projection image formed of
cach pixel on the projection plane, wherein:
the three-dimensional 1mage 1s an 1image divided into an
intended setting area in which the search points are
intended to be set and the image 1s displayed and an
unintended setting area 1n which the search points are
not mtended to be set and the 1mage 1s not displayed;

the search points are 1n the intended setting area; and

when calculating a pixel value of each search point, calcu-
lating the pixel value of the search point such that the
pixel value of an adjacent pixel of the search point does
not contribute to the calculation only on condition that
the adjacent pixel 1s a pixel 1n the unintended setting
area.
13. A non-transitory computer readable recording medium
on which 1s recorded an 1mage processing program for caus-
ing a computer to set a plurality of search points in a three-
dimensional 1mage along a plurality of visual lines, each
connecting each pixel on a projection plane on which the
three-dimensional 1mage 1s projected and an arbitrary view-
point, to calculate a pixel value of each search point by an
interpolation operation based on pixel values of adjacent pix-
¢ls of each search point, to determine pixel values of pixels on
the projection plane with respect to each visual line based on
the pixel values of the search points, and to generate a pro-
jection 1mage formed of each pixel on the projection plane,
wherein:
the three-dimensional 1mage 1s an 1mage divided mto an
intended setting area 1 which the search points are
intended to be set and the image 1s displayed and an
unintended setting area 1n which the search points are
not mtended to be set and the 1mage 1s not displayed;

the search points are 1n the intended setting area; and

when calculating a pixel value of each search point, the
pixel value of the search point 1s calculated such that the
pixel value of an adjacent pixel of the search point does
not contribute to the calculation only on condition that
the adjacent pixel 1s a pixel 1n the unintended setting
area.
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